In this work recently suggested (by Marshall, Simon, Penrose and Bouwmeester) experiment of the quantum superposition of a (quasi)-macroscopic mirror (an oscillating part of a Michelson interferometer) interacting with a single photon is consequently interpreted by relative decoherence. Namely, it is shown that relative decoherence (based on the spontaneous unitary symmetry (superposition) breaking (effective hiding) ) on the photon caused by mirror is sufficient to model real measurement with photon as a measured quantum object and mirror as a measurement device.
Introduction
Recently Marshall, Simon, Penrose and Bouwmeester [1] suggested a very interesting and important experiment. Theirs primary aim is an experimental realization of an analogy of Schrdinger cat paradox [2] .
Precisely it was creation of a realistic, i.e. observable, quantum superposition on a mesoscopic, even (quasi)macroscopic system (with 10 14 atoms and linear dimensions of 10µm). It is a tiny mirror (a oscillating part of a
Michelson interferometer with high-fines cavities) interacting with a single photon. More precisely speaking there is a quantum dynamical interaction between single photon (being initially in a quantum superposition) and mirror (being initially described by a wave packet) that do commonly a quantum supersystem photon+mirror. In conditions of the extremely low temperature (less than 2 mK, which eliminate any environmental thermical absolute decoherence) given dynamical interaction periodically, i.e. alternately correlates (entangles) photon and mirror into photon+mirror or decorrelates (disentagles) photon+mirror into photon and mirror. Dynamical restitution of correlation breaks effectively previous quantum superposition of the photon and does that the mirror be described by a quantum superposition of the wave packets (more precisely speaking it is described by a second kind mixture [3] that includes given quantum superposition). But dynamical decorrelation breaks effectively previous quantum superposition of the mirror and reverts a quantum superposition of the photon which can be simply experimentally tested (by detection of the photon interference effects). Quantum superposition of the photon would not be reverted in case that by correlation any absolute decoherence on photon+mirror, as well as on mirror itself appears.
For this reason revival of the quantum superposition of the photon can be considered as an immediate and retrospective proof that mirror previously,
i.e. during correlation has been in a quantum superposition.
Second aim of the authors, i.e. : "one long-term motivation for this kind of experiment is the search for unconventional decoherence processes" [1] .
In other words authors considerate implicitly different possibilities (without standard quantum mechanical formalism [3] - [5] and its usual interpretation [6] , [7] for an absolute decoherence (collapse) on photon+mirror.
In this work suggested experiment of the quantum superposition of given mirror will be consequently analyzed in the conventional way, i.e. from view point of the standard quantum mechanical formalism including its usual interpretation.
Namely an important theorem will be proved that any exact quantum superposition of the wave packets (that does not represent any wave packet)
turns effectively approximately, i.e. spontaneously and probabilistically (spontaneous unitary symmetry (superposition) breaking (effective hiding)) in some of wave packets from superposition. It admits that a relative and effective decoherence (collapse) be consequently defined as a special case of the general formalism of the spontaneous symmetry breaking (applicable in many different domains of the physics, eg. quantum field theory, quantum theory of ferro-magnetism, classical mechanics of the deformable bodies, etc.) [8] , [9] .
Such relative and effective decoherence represents, of course, a consequent formalization of Bohr principle of the relative boundary (even complementarity) between measured quantum object and measurement device [6] , [7] .
Bohr said : "Especially, the singular position of the measuring instruments in the account of the quantum phenomena, just discussed, appears closely analogous to well-known necessity in relativity theory of upholding an or-dinary description of all measurement process, including a sharp distinction between space and time coordinates, although the very essence of this theory is the establishment of new physical law, in the comprehension of which we must renounce the customary separation of space and time ideas. The dependence of the reference system, in relativity theory, of all readings of scales and clocks may even be compared with the essentially uncontrolable exchange of the momentum or energy between the objects of measurements and all instruments defining the space-time system of the reference, which in quantum theory confronts us with the situation characterized by notion of complementarity. In fact this new feature of natural philosophy means a radical revision of our attitude as regards physical reality, which may be paralleled with the fundamental modification of all ideas regarding the absolute character of physical phenomena, brought about by the general theory of relativity." [6] Finally, it will be proved that in given Marshall et al. experiment of a quantum superposition of a mirror all conditions for relative decoherence on the correlated photon+mirror are satisfied so that in this case photon can be consequently treated as a measured quantum object and mirror as a measurement device. So, mirror can be exactly treated as a (quasi)macroscopic object in a quantum superposition (Schrdinger cat 
where U(t) represents corresponding unitary evolution operator and Ψ 0 initial quantum state. Obviously, there is deterministic, i.e. one-to-one correspondence between initial and final quantum state.
Let B = {Ψ n , ∀n} be an arbitrary time independent basis in H and let U(t)B = {U(t)Ψ n , ∀n} represents basis in H that represents the dynamical evolution of B. Then it follows
where
In sense of (3) and (4) But there is following, seemingly unambiguous, experimental fact. By a measurement of some observable with eigen basis B realized on the measured quantum object O, in quantum state Ψ(t) given state turns exactly in some quantum state Ψ n from B with probability w n (t) = |(Ψ n , Ψ(t))| 2 for arbitrary n. Duration of the measurement is relatively very short, so that during this measurement effects of the dynamical evolution of isolated O can be neglected. In this way given measurement breaks exactly and absolutely unitary symmetry (does absolute exact collapse), since even if it conserves unit norm of the quantum state it breaks superposition. For this reason within standard quantum mechanical formalism measurement cannot be consistently presented by any exact quantum mechanical dynamical evolution on O.
Moreover, von Neumann proved [4] that within standard quantum mechanical formalism measurement cannot be presented by any exact quantum mechanical dynamical evolution even on the quantum supersystem O+M, consisting from dynamically interacting quantum subsystems, O and measurement device M. This von Neumann proof is conceptually very simple.
Namely, let O before measurement be in a quantum state
Here 
from H O ⊗ H M ,where ⊗ represents tensorial product.
Usual empirical facts that characterize measurement need that unitary evolution operator U O+M corresponding to measurement be determined in such way that it restitutes one-to-one correspondence between B O and B M without any changing of the superposition coefficients in (7). It simply mean that after measurement treated as a quantum mechanical dynamical evolution on O+M this O+M must be finally in the following correlated quantum
However There are two opposite attempts of the solution of given problem. First one accepts unitary symmetry (superposition) breaking (decoherence, collapse) by measurement as an absolute exact phenomenon. Simultaneously it considers that standard quantum mechanical formalism is incomplete (even contradictory) and that it must be extended by some unconventional but complete theory. But, as it is well-known [11] - [13] , such solution is very nonplausible since it predicts basic contradiction between quantum mechanics and theory of relativity and forbids building of any consistent quantum field theory.
Second one attempt of the solution of measurement or decoherence (collapse) problem represents Bohr relative boundary between O and M or relative decoherence (collapse) principle (this principle represents general form of the Bohr complementarity principle) [6] , [7] . It supposes that quantum mechanical dynamical evolution represents unique completely exact form of the quantum state change which implies that unitary symmetry stands always exactly conserved. Also, it means that final result of the completely exact interaction between O and M is given by Ψ O+M (8) , so that absolute boundary between O and M or absolute decoherence ( collapse) does not exist at all .
But introduced supposition needs that measurement be defined in an especial way but within standard quantum mechanical formalism exclusively.
It seems that Bohr suggested that exact decoherence (collapse) on the quantum mechanically exactly described O is not absolutely exact but only relatively and effectively exact. Namely, it appears only in relation to approximately quantum mechanically, i.e. "classical mechanically" described M.
In this sense given "classical" description of M generates effective and relative boundary between quantum described O and "classically" described M.
More precisely speaking [14] , [15] B M must be an especially chosen basis of weakly interfering wave packets (which means that the distance between centers of any two wave packets must be greater than any wave packet width), 
i.e. if absolute value of average value of any observableÂ from orbital Hilbert space in Ψ is many times greater that the standard deviationÂ in Ψ.
Further it is not hard to see that following is satisfied. 3 Quantum Superposition of a Mirror as an experimental test of the relative decoherence existence
Suggested experimental circumstances of the quantum superposition of a mirror is discussed in [1] while theoretical basis of this experiment is accurately given in [16] - [19] . Emphasis of [1] , [16] - [19] is the possibility that a (quasi)macroscopic mirror (like Schrdinger cat [2] ) be in a quantum superposition without any absolute decoherence. Namely it is supposed implicitly in [1] , [16] - [19] that absolute decoherence really exists but that it can be caused by environmental thermal influences or by some other unconventional way. Supposing that at extremely low temperature (smaller than 2mK) such environmental influences can be neglected in given mirror experiment it is concluded in [1] , [16] - [19] that here absolute decoherence does not occur.
It represents a correct conclusion that, very probably, should be affirmed by realization of the experiment.
But in [1] , [16] - [19] the possibility that in given experiment with mirror a relative decoherence can appear and relative boundary principle can be affirmed is not considered. In further work it will be shown that in the same mirror experiment all conditions for relative decoherence are satisfied so that it can be expected that real experiment should to affirm relative decoherence concepts. Precisely speaking it will be demonstrated that single photon in 
where |B p represents quantum state of p propagating through interferometer arm B without m while |A p represents quantum state of p propagating through interferometer arm A with m. (Given quantum superposition on p can be simply immediately detected by corresponding interference effects detectors but such detection would represent a radical revision of given experimental scheme.) Simultaneously m is, before interaction with p, described by a rested wave packet |0 m so that p+m is described, before interaction,by noncorrelated quantum state
Exact quantum mechanical dynamical interaction between p and m [1], [16] - [19] changes |Ψ p ⊗ |0 m during time t into following quantum state
Here ω p represents constant p frequency, ω m -constant m frequency, kconstant parameter that quantifies the displacement of m in units of the size of the ground state wave packet. Also, here f (k, ω m , t) = exp(ik 2 (ω m t − sin ω m t)) represents a quasiperiodical (with period T m = 2π ωm function, and |g(k, m, t) a periodical (with period T m ) quantum state such that
It means that, according to (12) , (13) for n=0,1,2,... whose equivalent durations τ depend from experimental circumstances. Within any of these intervals p+m is described by a noncorrelated quantum state while without these intervals it is described by a noncorrelated quantum state in a satisfactory approximation. For this reason τ 2
can be treated as a time interval of an effective correlation or decorrelation.)
It is satisfied
where |g As it has been noted, in [1] it is demonstrated that for temperature less than 2 mK thermal influence of the environment on m can be neglected.
For this reason, for given temperature, environment cannot to generate any (absolute) decoherence on p+m.
All this admits following conclusions. Initially noncorrelated p+m described by (11) , with p in a quantum superposition (10) , evolves dynamically during time interval (0,
) in a correlated quantum state (12) . Given correlated quantum state includes, roughly speaking, a subsystemic effective decoherence on p and subsystemic quantum superposition |g m on m (precisely speaking m is described by a second kind mixture [3] of initial wave packet |0 m and quantum superposition |g m (14) ). This quantum superposition (12), without any decorrelation or without any subsystemic coherence revival on p or without any subsystemic decoherence of (14) On the basis of the previous analysis it can be expected that real experiment will show that dynamical interaction between p and m does not cause any absolute decoherence on p+m in any time moment.
But it is not hard to see that during (0 + 
Conclusion
In conclusion following can be only repeated and pointed out. concepts of the fundamental symmetries absolute breaking.
